T he quantity and quality of the alveolar bone are crucial for the stability of endosseous implants in the posterior maxilla. Increased implant failure rates in the posterior maxilla are related to insufficient residual height, ridge width, and poor bone quality.
1,2 Such problems have been overcome by increasing the alveolar height through maxillary sinus augmentation. [3] [4] [5] The lateral window approach is a commonly used technique for maxillary sinus augmentation, especially when the initial alveolar bone height cannot assure the primary stability of simultaneous placement of implants. Studies have documented the technical details for the lateral window method, and these procedures have been shown to be clinically predictable. [6] [7] [8] The sinus augmentation procedure is usually accomplished by creating a lateral bony window, followed by elevation of sinus membrane. The space created between the maxillary alveolar process and the elevated sinus membrane is typically filled with autografts, allografts, xenografts, alloplasts, or combinations of different graft materials to maintain space for new bone formation. [9] [10] [11] [12] [13] Several studies reported that factors such as volume of the graft material, the kinds of bone graft, and the amount of autogenous bone affect the amount of new bone formation; and most of these studies have shown a correlation between the success of the bone graft and the success of dental implants. [9] [10] [11] [12] [13] Autogenous bone is always the gold standard. But, donor sites, embryologic origin of the graft, and time of healing could be the factors influencing the selection of the graft.
14 Anorganic bovine bone has been widely used and associated with high clinical success rate. [14] [15] [16] [17] [18] The anorganic bovine bone was found to be more effective than Objective: The purpose of this study was to evaluate the histomorphometric result from maxillary sinus augmentation with calcium phosphate nanocrystal-coated bovine bone (Biocera).
Study design: Maxillary sinus augmentations were performed on 10 patients with the delayed placement of implants. The lateral bony window was created using a piezoelectric saw, and the sinus membrane was elevated to make a new compartment. Biocera was grafted. The bony window was repositioned over the bone graft. In all cases, samples were taken for biopsy at the time of implant placement, 6 to 8 months after the grafting procedure.
Results: None of the 10 patients had complications, and there were no clinical and radiographic signs of infection.
Histomorphometrically, 25.94% (611.24%) of newly formed bone, 52.67% (612.60%) of soft tissue, and 21.38% (610.76%) of residual grafts were shown. Histologic findings showed newly formed bone surrounding the residual grafted particles, without inflammation. Newly formed bone along inner surface of the repositioned bony window area showed more mature and dense bone structure than new bone formed along bone graft.
Conclusion:
The present study revealed that calcium phosphate nanocystal-coated xenograft was considered to be a suitable bone graft material for maxillary sinus augmentation.
(Implant Dent 2015;24:333-337) Key Words: maxillary sinus floor augmentation, calcium phosphate nanocrystal-coated xenograft, histomorphometry HA as a bone substitute, and it also seemed to favor a more physiological remodeling toward native bone. [15] [16] [17] In addition, anorganic bovine bone has demonstrated good biocompatibility that elicits no foreign body reactions. 18 It was demonstrated that osteoblasts on the calcium phosphate thin film exhibit high cellular activities, such as adhesion, proliferation, and differentiation with the formation of calcified matrix. 19, 20 Recently, calcium phosphate nanocrystal-coated xenograft (Biocera; Oscotec Inc., Gyeongi, Korea) has been developed.
The purpose of the present study was to evaluate the bone reformation after maxillary sinus augmentation using calcium phosphate nanocrystal-coated xenograft by means of a histologic/ histomorphometric evaluation.
MATERIALS AND METHODS

Patient Selection
This clinical prospective study population comprised 10 patients. All patients were informed about the treatment procedure and gave their written consent for participation. The study protocol was approved by the Institutional Review Board at Catholic University of Daegu. Before each patient selection, the patient's medical history was carefully evaluated and patients with disease known to affect bone metabolism were excluded. Smokers were not excluded from the study but were informed that smoking could compromise the quality of the sinus lift and reduces the success rate of implants. All subjects had no contraindication for surgical procedures. The patients were partially or completely edentulous in the posterior maxilla; all of them required bilateral maxillary sinus augmentation procedure and treated with the same surgical protocol.
For the analysis of radiographs, preoperative examinations with panoramic views (Pointnix HD; Pointnix Co., Seoul, Korea) and dental cone beam computed tomographic (CT) scans (Implagraphy; Vatec, Gyeongi, Korea) were taken to evaluate the available maxillary alveolar bone heights and existing sinus pathology.
Surgical Procedures
All patients received the same pharmacologic protocol of prophylactic oral antibiotics. Six hundred seventy-five milligrams of amoxicillin/clavulanic acid (Augmentin; Ilsung Pharm, Korea) tid was used routinely, beginning 1 day before the procedure and continuing for 7 days postoperatively. Amoxicillin/ clavulanic acid (Augmentin; Ilsung Pharm; 1.2 g iv) was administered 1 hour before surgery. Surgery was performed under local maxillary block anesthesia using 2% lidocaine that included 1:100,000 epinephrine. The approach to the lateral wall of the maxillary sinus was followed after the elevation of the mucoperiosteal flap according to surgical needs. The piezoelectric saw with a thin blade (S-Saw; Bukboo Dental Co., Daegu, Korea), connected to a piezoelectric device (Surgybone; Silfradentsrl, Sofia, Italy), was used with copious saline irrigation to create the replaceable lateral bony window of the maxillary sinus. The anterior vertical osteotomy was made 2 to 3 mm distal to the anterior vertical wall of the maxillary sinus, and the distal osteotomy was made approximately 15 mm away from the anterior vertical osteotomy. The height of the vertical osteotomy was approximately 10 mm. Tilted osteotomy line was created in the anterior and inferior sinus walls, and then superior and posterior osteotomies were made, perpendicular to the lateral wall (Fig. 1 ). This design of antrostomy facilitates the precise replacement of the bony window as a barrier over injected venous blood in the maxillary sinus. The bony window was detached carefully to expose the sinus membrane. The sinus membrane was carefully dissected from the sinus floor walls with a flat bluntedged instrument. Dissection of the sinus membrane was continued to reach the medial and posterior walls of the sinus cavity. Any membrane perforation did not happen. Bio-oss was placed in one compartment, and Biocera was grafted in the contralateral compartment randomly. Depending on the sinus anatomy, 2 to 3 g of material was placed into each sinus (Fig. 2) . The placement of dental implant was not performed simultaneously to exclude the effect of implants. The detached bony lateral window was repositioned to prevent soft tissue growth into the sinus cavity and to promote new bone formation from the lateral wall of the maxillary sinus. Flaps were sutured using interrupted mattress PTFE sutures (Cytoplast; Osteogenic Biomedical, TX) to achieve passive primary closure. The patients were instructed not to blow their noses for 2 weeks after the surgery and to cough or sneeze with an open mouth. Preoperative prophylactic antibiotic therapy was continued postoperatively for 7 days, and the sutures were removed 10 days after the surgery. The postoperative panoramic radiographs and dental cone beam CT scans were taken immediately after the surgery and before implant placement. A healing period of 6 to 8 months was allowed before implant placement. Dental cone beam CT scans were taken before the second stage procedure. The cylindrical bone biopsies were taken with a 4-mm-wide trephine bur from the centers of the repositioned lateral window when approached to the augmented sinus to place implants. The time frame for individual patient was applied.
Histologic Preparation and Histomorphometric Evaluation
Histomorphometric data were obtained from the bone biopsies retrieved from the repositioned lateral window. Biopsy specimens were immediately fixed in 4% formaldehyde for 24 hours at 4°C and decalcified in 10% EDTA solution for 10 days. After dehydration in an ascending alcohol series, the biopsies were embedded in paraffin and 5-mm-thick sections parallel to the longitudinal axis were prepared using a microtome. Sections were stained with Mayer hematoxylin and eosin staining for light microscopy.
Histomorphometric evaluation was performed using a computerized technique; photomicrographs were taken using an Olympus BH2 microscope equipped with an Olympus DP50 digital camera (Olympus Optical Company Ltd., Tokyo, Japan). Measurement fields were selected by visual monitoring of the microscopic image on screen. After digitization of the picture, the histomorphometric data were collected using a picture analysis program (iMT image analysis software; iMTechnology, Daejeon, Korea). The following histomorphometric data were collected. The total bone volume was calculated as the amount of mineralized bone tissue as a percentage of the total tissue volume according to Parfitt et al. 28 The fibrovascular marrow tissue volume was presented as a percent amount of soft tissue to total tissue volume.
Statistical Analyses
The data were analyzed with a Windows-based statistical software package (version 19.0; SPSS, Chicago, IL). Descriptive statistics, including means and SDs, were calculated for all histomorphometric results.
RESULTS
Not one patient withdrew during follow-up period. In all patients, bone biopsies were obtained during surgical procedures; no perforation of the Schneiderian membrane and no related complications were observed in the 10 patients analyzed. No adverse events were recorded during the healing period in any of the patients, with no signs of infection.
The individual results showed relatively well-arranged trabeculae without evidence of inflammation and foreign body reaction. Newly formed bone along inner surface of the repositioned bony window revealed more mature and dense lamellar bone structure than new bone formed along bone graft that showed less densely arranged woven bone tissue.
Descriptive data are given in Tables  1 and 2 . An average of 25.94% (611.24%) of new bone formation was noted. An average of 21.38% (610.76%) of residual graft and average of 52.67% (612.60%) were evaluated in soft tissues (Table 1) . 
DISCUSSION
Regardless of bone graft material used, augmentation of the maxillary sinus with various bone grafts has been considered a prerequisite for achieving clinical success for implants placed into the augmented maxillary sinus. 5 Anorganic bovine bone provides a scaffold for new bone formation and the slow resorption of crystals and promoting the formation of new bone within the matrix.
22 Also, it is deproteinized so that biological risks are avoided. Although anorganic bovine bone has been shown to have osteoconductive properties, structural stability, and long-term positive clinical response, because of its low resorption rate, anorganic bovine bone has been reported to undergo no, or limited, resorption. 15, [23] [24] [25] [26] Graft biodegradation is an important factor in bone substitution. 27 Our histologic data revealed 25.94% (611.24%) vital bone, 52.67% (612.60%) connective tissue, and 21.38% (610.76%) remaining Biocera particles. This is in agreement with studies that showed similar or higher percentages of vital bone. Lower values of the residual bovine bone particles and lower values of connective tissue compartment suggest that quality and quantity of new bone could consist of high-density bone.
Synthetic highly crystalline calcium phosphate apatite crystals exhibit osteoconductivity, which allows the bone cells to grow on a surface by adhesion, spreading, migration, proliferation, and differentiation to form a bone matrix. [28] [29] [30] This biocompatibility was reported to be related to enhanced cell adhesion to hydroxyapatite. 30, 31 Recently, the production of a thin film of poorly crystalline calcium phosphate apatite (PCA) crystals, which osteoblasts on the PCA thin film exhibit high cellular activities such as adhesion, proliferation, and differentiation with the formation of calcified matrix, has been reported.
30-34 For these reasons, Biocera was chosen to evaluate whether the regeneration of new bone could be accelerated. Biocera seemed to be a gradually resorbed material, partially substituted by newly formed bone. Considering the remnants of bone substitute, the current amount of residual Biocera was comparable with the other previous data using Bio-oss. However, after 6 to 8 months, a high quantity of the biomaterial particles was still present. Further studies using larger number of subjects and longer term histologic and histomorphometric studies will be necessary to understand better the resorption rates and period.
One of the limitations of the current study might be the reduced sample size when compared with previous radiographic and clinical investigations. Clinical and radiological evaluations are widely used to assess the results of bone regeneration. But, the nature of the new bone formation and grafts can be exactly evaluated only by means of histologic and histomorphometric results. The number of bone biopsies is comparable with that reported in previous histologic and histomorphometric researches using anorganic bovine bone.
In the present study, the placement of implants was performed after 6 to 8 months of healing period. This was our protocol to verify the nature of the grafts. The healing time may depend on the simultaneous placement of implants, which can interfere with bone graft healing, because of the osteoinductive and/or osteoconductive properties of the implant surfaces. 35 Therefore, histologic and histomorphometric results could eliminate the effects and interaction of the implant surface.
The preservation of maxillary sinus membrane is important to avoid displacement of graft materials into the sinus cavity. Even non-observed small perforations can cause a risk if left untreated.
Unlike rotary cutting device, such as surgical bur, piezoelectric bone surgery minimizes perforation of sinus membrane during osteotomy because it is effective on hard tissue, not soft tissue. 14 Using piezoelectric device, there was no membrane perforation in this study. So, the negative factors to regenerate the new bone could be minimized. Various piezoelectric inserts can be used for sinus augmentation. However, saw inserts with a thin blade are fast to cut bone and minimize bone loss when preparing bony window, so that the detached bony window adapts firmly on the bone graft. The micro-and macro-movements of a replaced bony window are eliminated during healing period. Some studies have shown that the application of a barrier membrane over the lateral window has advantages, such as reducing the invagination of soft tissue, increasing vital bone formation, and higher survival rates of implants. 23 In the present study, replaceable bony windows were repositioned to occlude the window. Replaceable bony window acts as osteoinductive barrier to accelerate bone regeneration in the sinus with/without bone graft. The repositioned bony window and the elevated sinus membrane act as starting points to induce new bone formation during the early healing period. Further investigation using large number of specimens is needed.
CONCLUSION
1. Calcium phosphate nanocrystalcoated xenograft can be a safe and effective graft material for maxillary sinus floor augmentation and could be considered to be a suitable bone graft material for maxillary sinus augmentation. 2. More dense new bone formation was achieved along the inner surface of replaced bony widow than the area on the bone graft.
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